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The aim of this research was to study the dynamics of metabolism in the body of bream Abramis brama (L.) at different periods of 
the annual cycle: pre-spawning, spawning, post-spawning and feeding. The object of the study was 55 male and 53 female bream aged 
9–13 years, to reduce the effect of age on the studied parameters. Individuals were measured, weighed, gender was determined, gonad 
maturity stage, age; the condition factor and organ indices were calculated. The content of moisture, dry matter, lipids, proteins, ash and 
nitrogen-free extracts (NFE) in the muscles, liver and gonads of male and female bream have been analyzed. The lowest coefficients of 
condition factor were found in bream during the autumn feeding season, the highest in males during spawning, in females before and 
after spawning. In the muscle tissue of male and female bream the content of metabolic products in the feeding period and before 
spawning differed slightly. In the spawning period, the muscles of males exceeded the muscle tissue of females in lipid content by more 
than two times. In the annual cycle of the bream, the ovaries contain more protein than the testes. The bream of different sex revealed 
differences in the intensity of metabolic processes during the maturation of gonads: in males, energy costs are more pronounced after 
wintering before spawning, while in females, during spawning. The main energy reserve in the form of lipids in the annual cycle 
changes more significantly in the body of male bream than in females. Ovarian maturation requires more metabolite reserves than matu-
ration of the testes, however, males have increased expenditure associated with reproductive behaviour during spawning. Therefore, the 
total energy contribution to reproduction may be the same for female and for male bream. Bream’s liver and muscle tissue can serve as a 
source of energy during food shortages and during spawning. In the annual cycle, the condition factor of bream increases due to an 
increase in the moisture content in the muscles.  
Keywords: bream; sex; gonad maturity; condition factor; spawning.  
Introduction  
 
Over the course of a year, populations of animals, including fish, un-
dergo qualitatively different specific stable states called the periods of the 
annual cycle, which start depending on the environmental factors (length 
of daylight hours, temperature, dry or wet season) (Shulman & Love, 
1999; Wootton & Smith, 2015; Marenkov, 2018; Soyano & Mushirobira, 
2018). Maturation of the gonads and spawning, which is considered the 
last stage of the biological cycle, are a complex process closely related to 
metabolism, which cause significant changes in the biochemical composi-
tion of fish (Grande et al., 2016; Khalko, 2018). After spawning, hydro-
bionts begin their new annual cycle, during which the individuals restore 
their regenerative functions and nutrients accumulate in the organism (Jan 
et al., 2012; Varkentin, 2015).  
In the process of distribution of the energy in the body of fish in dif-
ferent periods of the annual cycle, fats, proteins, mineral substances and 
other components perform various functions (Bilokon et al., 2013; Zaru-
bin et al., 2013; do Carmo Silva et al., 2019). Therefore, lipids play an im-
portant role for the health and reproduction of the individuals and surviva-
bility of the progeny (Lloret et al., 2014; Hiraoka et al., 2019; Zorica et al., 
2019). The process of maturation of the gonads of hydrobionts is asso-
ciated with the synthesis of protein (Carter & Houlihan, 2001). Mineral 
substances are necessary for the reproduction and energy metabolism of 
animals (Kumar et al., 2019). Therefore, during the evaluation of physio-
logical condition of fish in different periods of the annual cycle, it is impor-
tant to have data on the dynamics of the content of the metabolism prod-
ucts in the muscles and the organs. The study of the biochemical changes 
in the organism of hydrobionts in the pre-spawning and spawning periods 
allows more complete revelation of the process of reproduction and also 
prediction of the terms and duration of the spawning, and therefore the 
productivity of individuals (Krivobok & Tarkovskaya, 1960; Rajasilta, 
1992). The literature mostly reveals the seasonal changes in the parame-
ters of metabolism of marine fish (Gorbatenko & Lazhentsev, 2016; Ro-
motowska et al., 2016; John Kiran et al., 2017; Kosker et al., 2018; Hos-
sain et al., 2019). However, there is a small number of more complete 
studies for the freshwater fish and these focus on the dynamics of certain 
parameters of metabolism in some organs (Craig, 1977; Pradhan et al., 
2015; Petenuci et al., 2016). Among different systematic groups of fresh-
water fishes, a large share comprises the representatives of the Cyprini-
formes order. Among Cypriniformes, common bream Abramis brama 
(L.) are one of the most numerous industrial fish of freshwater water bo-
dies and have an important place in the structure of their ecosystems 
(Kostić et al., 2016; Karabanov et al., 2018; Brodersen et al., 2019; Ding et 
al., 2019; Žák et al., 2019). The dynamics of accumulation of products of 
metabolism in the organism of common bream in different periods of 
annual cycle require separate and comprehensive analysis.  
The objective of our study was the dynamics of the parameters of me-
tabolism in the muscle tissue, liver and gonads of fresh-water fish on the 
example of common bream in different periods of the life cycle.  
 
Material and methods  
 
The object of the studies was individuals of bream from the Rybinsk 
Reservoir – the largest freshwater body in Russia of lake type with high 
fishery importance (Mikryakov et al., 2013). Bream were studied in dif-
ferent periods of the annual cycle (pre-spawning, spawning, post-spaw-
ning and feeding periods), which correspond to different physiological 
conditions of individuals. The material was made up of samples of the 
muscular tissue, liver and gonads. The individuals were caught by seine 
fishing at the checkpoint Krasny Ruchei (the Volga stretch of the Rybinsk 
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Reservoir) in the spring-summer period (March – June) and trawling in 
the feeding period (late September – early October) at the standard trawl-
ing stations of the Rybinsk Reservoir. The muscles and the organs were 
extracted from 55 male and 53 female bream aged 9+ to 13+ to minimise 
changes in the content of metabolic products related to the age of the fish 
(Table 1).  
Table 1  
Size and mass of bream in different periods of the annual cycle (x ± SE)  
Sex 
Maturity 
stage of 
the 
gonads 
Period Time of capture n 
Length 
(SL), cm Weight, g 
Weight  
of fish 
without 
internal 
organs, g 
Males 
III Before spawning 
March, 
April 12 35.5 ± 0.8 1003 ± 45 890 ± 52 
IV Spawning May 12 38.5 ± 0.6 1271 ± 36 1153 ± 35 
VI After spawning 
May,  
June 12 37.6 ± 0.6 1201 ± 64 1095 ± 57 
III Feeding September 19 36.8 ± 0.4 840 ± 42 776 ± 30 
Females 
III Before spawning 
March, 
April 12 37.6 ± 0.5 1198 ± 40 1022 ± 37 
IV Spawning May 12 38.9 ± 0.5 1191 ± 76 1070 ± 61 
VI After spawning 
May,  
June 12 38.6 ± 0.9 1239 ± 67 1129 ± 58 
III Feeding September 17 37.2 ± 0.5 916 ± 36 801 ± 31 
 
After the fish were caught, they underwent acclimation in containers 
with river water. Then, for each individual we determined standard length 
(SL), mass (total and with no internal organs), sex and the maturity stage 
of the gonads according to the generally accepted methods (Pravdin, 
1966). Afterwards, on the refrigerant the skin was removed from the ske-
letal muscles, the muscular tissue was excised along the vertebral column, 
the liver and the gonads were removed from the internal cavity, the sam-
ples were weighed and frozen until the analysis. The age of the fish was 
determined according to the zones of growth on the scales.  
To determine the amount of the total moisture and the dry matter, we 
used the two-stage method of determining moisture. The amount of free 
water in the muscular tissue and the organs was obtained by drying the 
weighed amounts at the temperature of 60 °С to their constant weight. 
Then, the sample was fragmented in the laboratory grinder and dried at the 
temperature of 105 °С to the constant mass of the weighed amount. 
The amount of the total moisture and dry matter was determined using 
different methods (Flerova, 2014).  
The amount of crude protein was determined using the Kjeldahl me-
thod. The obtained percentage amount of nitrogen in the sample was 
multiplied by empiric coefficient of the adjustment of protein equaling 
6.25 and the parameter of humid protein was determined as the sum of 
different nitrogenous substances based on proteins (Yeganeh, 2012; Fle-
rova, 2014).  
The amount of fat in the muscular tissue was determined using the 
method of defatted residue in the Soxhlet's apparatus. The extraction was 
conducted using non-polar solvent - petroleum benzene (Flerova, 2014). 
Crude fat obtained in such way is mainly composed of fats (triacylglyce-
rols), and also small amount of other lipids (phospholipids, steroids, caro-
tenoids, fat-soluble vitamins and others). Non-polar lipids obtained using 
decomposition of the van der Waals interaction of lipids with proteins and 
other substances in the cell by ether are mostly the reserve energy ele-
ments (Parrish, 1999).  
The mineral substances were obtained using gravimetric method of 
burning off the weighed amount in the muffle furnace to the white-colou-
red ash at a temperature of 550 °С (Flerova, 2014). The amount of nitro-
gen-free extracts was determined by substracting the sum of percents of 
the total water, crude protein, crude fat, ash from the 100% (Flerova, 2014).  
Gonadosomatic index was determined as the ratio of the mass of go-
nads to the body weight, expressed as a percentage, hepatosomatic index – 
as the ratio of the mass of liver to the body weight, expressed as a percen-
tage. Fatness coefficient according to Fulton was determined according to 
the formula Fc(F) = w • 100/l3, in which Fc(F) is the fatness coefficient 
according to Fulton, w – weight of fish in grams, l – body length of fish in 
cm. Fatness coefficient according to Clark was determined using the 
formula Fc(C) = w1 • 100/l3, where Fc(C) – fatness coefficient according to 
Clark, w1 – weight of test tube in grams, l – body length of fish in cm.  
The data were statistically analyzed using Statistica software. The da-
ta are presented as mean values and their standard errors (x ± SE). 
The differences between the values in different periods of the annual cycle 
were determined using ANOVA using the Bonferroni correction. The dif-
ferences between the compared parameters were statistically significant at 
P < 0.05.  
 
Results  
 
The lowest fatness coefficients were observed in bream during the au-
tumn feeding, the highest in males – during spawning, in females – before 
the spawning according to Fulton, and in the post-spawning period ac-
cording to Clark (Table 2).  
Table 2  
Fatness and the indices of the organs of bream in different periods  
of the annual cycle (x ± SE)  
Sex 
Time of capture, 
stage of the 
maturity of the 
gonads 
n 
Fatness coefficient Gonado-
somatic 
index 
Hepato-
somatic 
index 
according  
to Fulton 
according  
to Clark 
Males 
March – April, III 12 2.24 ± 0.08a 1.98 ± 0.04a 2.65 ± 0.20ac 1.68 ± 0.31a 
May, IV 12 2.24 ± 0.07a 2.03 ± 0.06a 9.14 ± 0.29a 8.34 ± 0.48b 
May – June, VI 12 2.25 ± 0.06a 2.05 ± 0.04a 0.41 ± 0.06b 1.69 ± 0.21a 
September, III 19 1.67 ± 0.06b 1.54 ± 0.02b 1.09 ± 0.24bc 1.67 ± 0.26a 
Fema-
les 
March – April, III 12 2.26 ± 0.02a 1.93 ± 0.02a 5.60 ± 0.78b 2.17 ± 0.21ab 
May, IV 12 2.01 ± 0.05ab 1.81 ± 0.04ab 3.56 ± 0.42ab 1.52 ± 0.11a 
May – June, VI 12 2.16 ± 0.06a 1.97 ± 0.05a 1.58 ± 0.12a 1.60 ± 0.11a 
September, III 17 1.77 ± 0.03b 1.55 ± 0.03b 1.32 ± 0.85a 1.11 ± 0.44b 
Note: different letters in the column indicate values which are statistically different 
between each other between the periods of the annual cycle separately for females 
and males using the Bonferroni correction (P < 0.05).  
On average, before the spawning, in the muscular tissue of bream of 
different sexes, the content of products of metabolism was similar, whe-
reas in the spawning period, the muscles of males had higher content of 
lipids and protein than the muscular tissue of females, and had double the 
females’ content of fat reserves (Fig. 1). After the spawning, in the muscu-
lar tissue of females, the share of protein, ash and nitrogen-free extracts 
accumulated more intensively than in males, and over the feeding period 
the content of metabolites in the individuals of different sexes varied in-
significantly.  
During each period, the liver of females differed by the heightened 
content of the dry matter and lipids, except in the pre-spawning period 
(Fig. 2). After the spawning and in the feeding period, the liver of males 
accumulated a larger amount of protein and mineral substances compared 
with the females. During the annual cycle, the testes were characterized by 
high content of lipids, whereas the ovaries had high content of protein and 
ash, and also nitrogen-free extracts (except post-spawning period, Fig. 3).  
In the pre-spawning period (March – April), the muscular tissue of 
males was characterized by the lowest content of lipids and protein, whe-
reas the liver was characterized by low values of these parameters compa-
red with the feeding period. Before the spawning, the testes contained the 
highest amount of protein and ash and average amount of lipids (Table 3). 
The indices of the organs increased compared with the period of feeding 
(Table 2). During the spawning, in the muscles of males, the amount of 
lipids and protein accumulated, the carbohydrate part was expended. 
In the liver and gonads in that period, the total amount of the products of 
metabolism significantly decreased and their water content increased, ac-
companied with increase in the indices of the organs (Tables 2, 3).  
After the spawning, the content of the products of metabolism decrea-
sed in the muscles of males, and significantly increased in the liver and 
gonads. In that period, in the liver, the largest amount of lipids and protein 
accumulated. In the testes, the share of macronutrients increased, whereas 
the content of lipids increased by over 6 times compared with the previous 
period (Table 3). Despite the increase in the amount of metabolites in the 
organs after the spawning, the hepatosomatic index, and chiefly the gona-
dosomatic index significantly decreased (Table 2).  
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Fig. 1. Chemical composition (%) of the muscles of bream of different sexes before the spawning (a), during the spawning (b), after the spawning (c),  
in the feeding periods (d); white columns – males, black – females; x ± SE, n = 12, in the feeding period of males n = 19, females n = 17;  
* – reliable difference compared with the females (P < 0.05)  
  
Fig. 2. Chemical composition (%) of the liver of bream of different sexes before the spawning (a),  
during the spawning (b), after the spawning (c), in the feeding period (d); see Fig. 1  
  
Fig. 3. Chemical composition (%) of the gonads of bream of different sexes before the spawning (a),  
during the spawning (b), after the spawning (c), in the feeding period (d); see Fig. 1  
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Table 3  
Chemical composition of the muscles, liver and the gonads of bream in the different periods of the annual cycle (x ± SE)  
The tissue,  
organ 
Time of capture, stage  
of the maturity of the gonads n Total moisture, % Dry matter, % Fat, % Protein, % Ash, % Nitrogen-free extracts, % 
The muscular  
tissue 
March – April, III 12  81.01 ± 0.94ab  18.99 ± 0.94ab  1.26 ± 0.18a 14.79 ± 1.45a 0.99 ± 0.11a 1.96 ± 0.60a 
May, IV 12 78.56 ± 0.52a 21.44 ± 0.52a  2.81 ± 0.42b 16.46 ± 0.61a 0.97 ± 0.04a 1.20 ± 0.48a 
May – June, VI 12 81.93 ± 0.56b 18.07 ± 0.56b  1.28 ± 0.12a 14.92 ± 0.56a 0.86 ± 0.06a 1.02 ± 0.27a 
September, III 19 78.84 ± 0.28a 21.16 ± 0.28a   1.68 ± 0.14ab 16.92 ± 0.38a 1.13 ± 0.09a 1.43 ± 0.32a 
The liver 
March – April, III 12  85.76 ± 2.49ab  14.24 ± 2.49ab   3.29 ± 0.64ab    7.38 ± 1.34ab 0.82 ± 0.19a  2.76 ± 1.36ab 
May, IV 12 96.87 ± 0.17a   3.13 ± 0.17a  0.71 ± 0.11a   1.65 ± 0.16a 0.13 ± 0.01b 0.64 ± 0.08a 
May – June, VI 12 81.37 ± 1.13ab  18.63 ± 1.13ab  5.52 ± 0.72b   9.26 ± 0.62b  0.55 ± 0.08ab  3.30 ± 0.25ab 
September, III 19 78.51 ± 0.68b 21.49 ± 0.68b  4.04 ± 0.27b    7.63 ± 1.02ab 1.16 ± 0.24a 8.66 ± 1.27b 
The gonads 
March – April, III 12 82.01 ± 2.60ab  17.99 ± 2.60ab   5.03 ± 1.28ab 10.73 ± 1.06a 1.14 ± 0.23a 1.09 ± 0.26ab 
May, IV 12 94.41 ± 0.47a   5.59 ± 0.47a  3.28 ± 0.42a   1.59 ± 0.15b 0.25 ± 0.03a 0.46 ± 0.09a 
May – June, VI 12  69.83 ± 8.22ab  30.17 ± 8.22ab  22.35 ± 6.42ab    4.91 ± 0.98ab 0.39 ± 0.15a  2.53 ± 1.35ab 
September, III 19 62.51 ± 2.14b 37.49 ± 2.14b 25.24 ± 2.15b   8.59 ± 0.64a 0.75 ± 0.17a 2.92 ± 0.98b 
Note: different letters in the column indicate the values which significantly differed from each other for the periods of the annual cycle separately for the muscular tissue, the liver 
and the gonads using the Bonferroni correction (P < 0.05).  
During the feeding period, in the muscles of males, the fatness increa-
sed and the content of protein was maximum compared with the other pe-
riods of the annual cycle (Table 3). Repeated maturation of the testes, cha-
racterized by increase in gonadosomatic index and increase in the amount 
of lipids and protein, was accompanied by decrease in these metabolites in 
the liver and insignificant decrease in the hepatosomatic index (Table 2). 
It is worth noting that the highest content of the carbohydrate share both in 
the liver and the sex glands of bream was reached in the feeding period.  
In the pre-spawning period, muscular tissue of female bream was 
characterized by reduced content of dry matter, including protein and nit-
rogen-free extracts, while the liver was characterized by lower values of 
lipids and carbohydrates, but increased amount of protein, compared with 
the feeding period (Table 4). The ovaries and the liver before the spaw-
ning reached the largest sizes. Over that period, the gonads of female bre-
ams contained the largest amount of the dry matter, including protein, ash 
and nitrogen-free extracts, and quantity of lipids was the lowest (Table 2).  
Table 4  
Chemical composition of the muscles, liver and gonads of bream in different periods of the annual cycle (x ± SE)  
The tissue,  
organ 
Time of capture, stage of ma-
turity of the gonads n Total moisture,% Dry matter, % Fat, % Protein, % Ash, % Nitrogen-free extracts, % 
The muscular  
tissue 
March – April, III 12 81.53 ± 0.68a 18.47 ± 0.68a   1.52 ± 0.28a 14.92 ± 0.59a 1.05 ± 0.03a   0.98 ± 0.20a 
May, IV 12  81.15 ± 0.43ab  18.85 ± 0.43ab   1.31 ± 0.36a  15.20 ± 0.51ab 1.08 ± 0.04a   1.26 ± 0.42a 
May – June, VI 12  81.28 ± 0.73ab  18.72 ± 0.73ab   1.15 ± 0.11a  15.37 ± 0.28ab 0.92 ± 0.05a   1.27 ± 0.59a 
September, III 17 79.14 ± 0.41b 20.86 ± 0.41b   1.73 ± 0.22a 16.61 ± 0.26b 1.29 ± 0.11a   1.23 ± 0.21a 
The liver 
March – April, III 12  85.44 ± 0.59ab  14.56 ± 0.59ab    2.36 ± 0.69ab   8.68 ± 0.36a 0.93 ± 0.10a   2.59 ± 0.31a 
May, IV 12 87.99 ± 0.48a 12.01 ± 0.48a   1.41 ± 0.22b   7.87 ± 0.36a  0.68 ± 0.04ab   2.04 ± 0.44a 
May – June, VI 12  80.99 ± 1.74ab  19.01 ± 1.74ab   5.72 ± 1.80a   9.05 ± 0.63a 0.42 ± 0.05b    3.83 ± 0.42ab 
September, III 17 77.30 ± 1.39b 22.70 ± 1.39b   5.63 ± 0.73a   7.50 ± 0.85a 0.97 ± 0.11a   8.59 ± 0.94b 
The gonads 
March – April, III 12 68.70 ± 3.41a 31.30 ± 3.41a   1.11 ± 0.32a 16.72 ± 5.63a 1.60 ± 0.25a 11.87 ± 7.35a 
May, IV 12 90.08 ± 1.17b   9.92 ± 1.17b   1.57 ± 0.94a   6.70 ± 0.79a 0.94 ± 0.14a   0.71 ± 0.23b 
May – June, VI 12  81.08 ± 0.97ab  18.92 ± 0.97ab    6.71 ± 1.03ab 10.14 ± 0.16a 1.06 ± 0.10a    1.00 ± 0.22ab 
September, III 17 69.88 ± 2.34a 30.12 ± 2.34a 12.54 ± 3.35b 12.73 ± 2.21a 0.83 ± 0.23a    4.02 ± 0.95ab 
Note: see Table 3.  
During the spawning, in the muscular tissue of females, the content of 
lipids decreased, whereas protein, ash and nitrogen-free extracts insignifi-
cantly increased (Table 4). Decrease in the indices of the organs was ac-
companied by depletion of the reserves of protein, mineral substances and 
the carbohydrate share and increase in the share of moisture, nonetheless, 
the quantitative changes in the chemical composition in the females were 
less intense than in the males (Tables 2–4). Furthermore, the content of 
lipids decreased in the liver, and increased in the gonads.  
After the spawning, in the muscles of females, the content of the total 
moisture, protein and nitrogen-free extracts insignificantly increased, while 
the quantity of lipids and ash decreased (Table 4). Despite the fact that this 
period was characterized by decrease in the gonadosomatic index and 
slight increase in the hepatosomatic index, the share of dry matter, lipids, 
protein and nitrogen-free extracts increased both in the liver and the go-
nads (Tables 2, 4). During the feeding period, the highest contents of 
lipids, proteins and mineral substances was seen in the muscular tissue of 
female bream, ash and nitrogen-free extracts in the liver, and lipids in the 
gonads (Table 4). Maturation of the ovaries was accompanied by the 
accumulation of protein and carbohydrate in them and the expenditure of 
the reserves of fat and protein from the liver, while the indices of the or-
gans of the individuals decreased (Tables 2, 4).  
 
Discussion  
 
Bream belongs to fish with no sharply manifested portion spawn. 
Spawning of one individual can occur in several attempts during a number 
of days. In the water bodies of the Upper Volga, spawning of bream oc-
curs mostly at the same time, nonetheless there are individuals with non-
simultaneous maturation of oocytes (German, 2019). The comparison of 
the contents of the products of metabolism in the bodies of male and fe-
male bream in different periods of the annual cycle revealed some pecu-
liarities. Therefore, differences in the contents of the parameters of the 
metabolism in the individuals of bream of different sexes were more 
significant in the organs than in the muscular tissue. Heightened content of 
lipids in the muscular tissue of males during spawning, compared to fema-
les, could indicate lower expenditures of metabolites during production of 
lower amount of gonadal products than in females, leading to accumula-
tion of fat reserves in the body of males and their better preparedness for 
spawning (Shulman & Love, 1999). The first presumption is confirmed 
by the higher content of fat in the muscles of males in the post-spawning 
period, indicating lower exhaustion of the organism of males than females. 
A number of studies report greater energy expenditures in the organism of 
fish for the development of the ovaries than the testes (Diana & MacKay, 
1979; Adams et al., 1982; Wootton, 1985). Perhaps, due to this reason, the 
gonads of female bream exceeded the gonads of males in content of pro-
tein. Earlier, we demonstrated that in the ovaries of zander Sander lucio-
perca (L.) and ziege Pelecus cultratus (L.), the protein accumulated more 
intensely than in the testes (Payuta & Flerova, 2019). Similar results were 
seen in Scatophagus argus (L.) and Liza haematocheilus (Temminck, 
Schlegel) (Venkatesan et al., 2013; Kornienko et al., 2017). It should be 
noted that in the process of maturation of the gonads, the biochemical 
composition of the muscles and the organs of female bream was characte-
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rized by greater stability than the males. In the pre-spawning period, the 
muscular tissue of male bream was seen to have the lowest amount of 
lipids and protein for the entire annual cycle, while the muscular tissue of 
females had the lowest amount of the dry matters, including protein 
(Tables 3, 4).  
Compared to the period of the feeding (September), the content of li-
pids in the muscles and the organs of bream decreased, while the amount 
of protein in the gonads increased. Increase in the mineral substances in 
the gonads before the spawning was accompanied by fall in the ash con-
tent in the muscles and the liver. Redistribution of the share of nutrients in 
the organism of the surveyed fish was accompanied by the increase in the 
gonadosomatic index (Table 2). Decrease in the main products of metabo-
lism in the muscles of the fish could occur due to the exhaustion of the 
individuals after winter starvation, as wells as expenditure of energy for 
the maturation of the gonads and preparation to spawning (Medford & 
Mackay, 1978; Wallace & Selman, 1981; Jøsrgensen et al., 1997; Grigo-
rakis et al., 2002). By the end of the pre-spawning period, proteins and 
lipids in the body of fish are expended for trophoplasmatic growth of 
oocytes and the development of spermatogonia, when they accumulate 
nutrients, and the gonads, especially the ovaries, increases in size (Shankar 
& Kulkarni, 2006; Tyheev & Tomitova, 2016; Komova et al., 2017). Fish 
with low quantity of lipids in the muscles (thin), to which bream belongs, 
after winter starvation mobilize protein as endogenous energy source, and 
the exhaustion of the energy resources in the body of hydrobionts leads to 
general decrease in their condition (Shatunovskii, 1980; Yeannes & Al-
mandos, 2003; Zaboukas et al., 2006). The muscular tissue is likely to be 
the main “depot” for the products of mineral metabolism necessary for the 
maturation of the gonads in male and female bream (Rao & Krishnan, 
2011).  
During the spawning, in the muscles of individuals of bream, an in-
crease in the share of protein was seen (Table 3, 4). Moreover, in male 
bream, the content of lipids increased and the share of carbohydrates de-
creased, while the females were observed to have reverse dynamics. In the 
liver, metabolic processes in both sexes took their course in one direction, 
but with different intensity: the content of metabolites decreased, and in 
males the values of the parameters were the highest during the entire annu-
al cycle. In the gonads of bream, in this period, the amount of metabolic 
products decreased, except lipids, the content of which insignificantly 
increased in the ovaries (Tables 3, 4). Since the early spring, in the prespa-
wning period, the Cyprinidae begin to feed actively, perhaps, because of 
this, by the moment of spawning, in the muscular tissue of bream, accu-
mulation of protein was observed (Komova et al., 2017). In addition, the 
decrease in the expenditure of protein in the muscles of female bream 
could occur due to use of fat reserves (Shatunovskii, 1980). In the muscu-
lar tissue of females of Teleostei, including Cyprinidae, during spawning, 
decrease in lipids was seen (Wallace & Selman, 1981; Guijarro et al., 
2003). The main expenditure of carbohydrates in the organism of male 
bream in this period is probably associated with the reproductive behavi-
our regulated by hormones: individuals become aggressive and their 
moving activity increases (Diamond, 1985; Zaboukas et al., 2006; Maton-
do et al., 2009; Munakataa & Kobayashib, 2010; Poncin et al., 2011). 
For the gonadal products of fish, some part of proteins, further transported 
to the gonads of the serum blood, synthesizes directly in the liver (Plack 
et al., 1971). Perhaps that is why, during the spawning, the bream was 
observed to have decrease in protein in the liver. The amount of protein in 
the gonads of bream can decrease due to the release of gonadal products 
composed chiefly of protein (Islam & Joadder, 2005; Jan et al., 2012). 
Moreover, decrease in protein in the ovaries of fish occurs due to hydroly-
sis and reduction of the dry matter of oocytes, as a result of which, water 
and non-organic ions intensively penetrates the cell, thus contributing to 
the oxidation of fatty acids and facilitating spawning. At the same time, 
lipids mobilized from the organism and transported into the sex glands of 
females, and also moisture provides low density and floating ability of 
eggs (Wootton, 1974; Shreni, 1980; Sutharshiny et al., 2013; Lloret et al., 
2014). Mass of the gonads, and therefore the gonadosomatic index, in-
creased due to the hydration of water in eggs (Table 2).  
After the spawning, in the muscles of bream, the amount of dry mat-
ter reduced, including lipids and ash (Table 4). The content of protein in 
the muscular tissue decreased in males, and insignificantly increased in 
females. In the liver and the gonads of individuals of bream of both sexes, 
a decrease was observed in the total moisture, increase in lipids, proteins 
and nitrogen-free extractive substances. Different content of products of 
metabolism in the muscles and organs of males and females of bream 
during the post-spawning period shows the extent of exhaustion of the 
organism of individuals of different sexes after reproduction and rates of 
its recovery since the beginning of feeding (Table 3, 4). Decrease in the 
content of fat and protein in the body of hydrobionts after the spawning 
was seen in other studies focused on the accumulation of products of 
metabolism in different stages of the life cycle in freshwater fish (Som-
vansh, 1983; Dabhade et al., 2009). Accumulation of protein in the musc-
les of female bream is perhaps associated with the fact that after depositing 
eggs they move away from the spawning grounds and start feeding right 
away, while some part of the producers remains in the shallow-water areas 
(Ilmast, 2005). Decrease in the amount of nitrogen-free extracts in the 
muscular tissue of males suggests their high moving activity in this period.  
Notable increase in the content of lipids, protein and carbohydrate in 
the liver of bream, accompanied by fall in hepatosomatic and gonadoso-
matic indices, in the post-spawning period (Tables 2–4) could be attribu-
ted to the completion of spawning (Shankar & Kulkarni, 2006; Grande 
et al., 2016). Earlier, there was reported immediate increase in lipids in the 
liver of freshwater fish right after the spawning related to their active feed-
ing (Shreni, 1980; Kozlova, 1997). Replenishment of the energy reserves 
in the liver of bream is likely associated with the fact that the gonads in 
that period are in the stage of rest and food consumed by the fish could be 
used for accumulation of products of metabolism (Islam & Joadder, 2005; 
Jan et al., 2012; Smith & Wootton, 2015). In spring, in male bream in the 
Volga, maturation occurs of only a part of cysts – accumulation of sper-
matogonia under one membrane, the rest complete the maturation in the 
process of reproduction, which leads to prolongation of the process of 
spermatogenesis and sperm release to 1.0–1.5 months. Individuals can 
continue to produce milt after spawning and loss of breeding dress (Tur-
dakov, 1972). Perhaps, high values of parameters of lipids and protein in 
the testes of bream from the Rybinsk Reservoir in May and June could be 
associated with this fact. In the bream populations from the Rybinsk Re-
servoir, there occur females with disorder of synchronous development of 
oocytes, related to the abnormally high average daily temperature of wa-
ter. For this reason, in individuals, the second portion of eggs forms, which 
maturates incompletely and with time dissolves (German, 2019). In Cy-
prinidae, a significant percent of lipids accumulates not only in the gonadal 
cells particularly, but also in intercellular tissues and is used as an energy 
“depot” for the processes associated with the generative synthesis (Shul-
man et al., 1970). Perhaps, due to these reasons, after spawning, in the 
gonads of female bream, the amount of dry matter increased, including 
lipids and protein.  
By the end of the feeding period, in the muscles of bream, the content 
of dry matter increased, including lipids, protein and ash (Tables 3, 4). 
In the liver of males and females, the amount of total moisture, lipids and 
protein decreased, ash and nitrogen-free extracts increased. In the gonads 
of bream, increase in the content of lipids, protein and carbohydrates was 
determined. Products of metabolism in this period can accumulate in the 
muscular tissues of bream due to intensive feeding of fish because of the 
optimum temperatures (Shatunovskii, 1980; Aidos et al., 2002; Tzikas 
et al., 2007). High content of lipids in the muscles and organs of female 
bream, accumulation in the feeding period, are the energy reservoir that 
allows the individuals to be prepared for wintering and spawning (Htun-
Ha, 1978; Tzikas et al., 2007). In the liver, the content of lipids and pro-
teins decreased, whereas in the gonads these parameters increased  
(Table 3, 4). Decrease in the total amount of lipids in the liver of bream in 
the autumn period could be related to the fact that the development of the 
gonads requires a large and easily-acceptable source of energy (Craig 
et al., 2000). Increase in the level of nitrogen-free extracts in the liver could 
indicate non-favourable conditions of feeding in the feeding period, becau-
se with intake of nutrients, the organ accumulates glycogen (Viegas et al., 
2012). It should be noted that the indices of the organs in females in this 
period were lower than after spawning (Table 2). Decrease in the gonado-
somatic index in females in autumn could be attributed to the fact that the 
remaining small part of eggs dissolved into fat in the cavity, and decrease 
in the hepatosomatic index – to transportation of part of nutrients from the 
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liver to the gonads (Pravdin, 1966). Perhaps, in bream, as well as pike, 
mass of the liver and the content of nutrients in it are to a larger degree 
associated with the development of the gonads rather than the intensity of 
feeding (Medford & Mackay, 1978).  
Besides the seasonal dynamics of biochemical changes in the muscles 
and the liver of bream, it is interesting to analyze the relationship of fatness 
of individuals with the content of the products of metabolism in their 
body. The literature contains data on decrease in the fatness coefficient of 
fish both during spawning and the period of feeding (Mello & Rose, 2005; 
Grigorjev, 2007). In our study, the value of fatness coefficient was the 
highest in the post-spawning period, at the same time in the muscles of 
male and female bream in that period, a high share of total moisture and 
low content of lipids and protein was seen (Tables 2–4). In addition, in the 
end of the feeding period, the fatness of bream decreased to the minimum 
values, whereas the amount of protein and lipids in the muscular tissue 
increased. The higher the amount of moisture in fish, the lower the quanti-
ty of proteins and lipids which it replaces during energy expenditures of 
the organism in the period of spawning and after wintering (Dawson & 
Grimm, 1980; Flath & Diana, 1985; Ali et al., 2005). The specific weight 
of lipids was lower than that of moisture, therefore their replacement with 
water may lead to increase in the mass of fish (Shulman & Love, 1999). 
Thus, weight of individuals, and therefore their fatness increased due to in-
crease in the water content in the muscles, indicated by positive correlation 
between the fatness coefficient according to Clark and the amount of the 
total moisture in the muscles (0.50 in males and 0.95 in females).  
 
Conclusions  
 
The results obtained on the peculiarities of the accumulation of the 
products of metabolism in the muscular tissue and the organs of bream 
allowed us to determine some peculiarities which characterize the metabo-
lic processes occurring in this species in certain periods of the yearly cycle. 
Metabolism in males and females during feeding and maturation of the 
gonads takes its course with different intensity. In male bream, the energy 
expenditures were more manifested after wintering, whereas in females – 
during spawning. The main energy reserve in the form of lipids in the 
annual cycle changes more significantly in the organism of male bream, 
and at the same time increased content of fat in the muscular tissue of ma-
les in May suggests their better preparation for spawning compared with 
females. The maturation of the gonads of females requires more metabolic 
products than in males, therefore during each period of the annual cycle, 
the ovaries contain more protein than in the testes. Nonetheless, male bre-
am were observed to have increased energy expenditures related to the re-
productive behaviour in the period of spawning, thus the total energy con-
tribution to the reproduction may be the same both for females and males. 
The expenditures of nutrients in the annual cycle of bream in the liver 
were determined to be higher than in the muscular tissue, indicating use of 
the liver rather than the muscles as the energy “depot”. At the same time, 
the liver and the muscular tissue in the organism of bream can be the 
source of energy during the deficiency of food and during spawning. Due 
to replacement of lipids with water, the specific weight of which can ex-
ceed the weight of lipids, mass of fish, and therefore and fatness of bream 
increased due to rise in the moisture content in the muscles.  
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